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(54) Foktabletube 

<57) A loldable tube comprises a waU in wtiich at 
least three elongate relalivety flexa>le areas are present, 
which areas form plastic hinges which define a wall seg- 
ment that can be folded inwaidly to bring the tube into a 
contracted shape. 
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Description 

Background of the Invention 

[0001] The in^6ntk)n relates to a foldable tube and to s 
a method for placirx} such a tube in a tubular cavity. 
[0002] It is known to fold nexWe hoses into a flattened 
shape in order to facilitate easy storage, for exanple by 
reeling the flattened hose around a small diameter reel- 
ing dmm. ^0 
[OOOq ItisalsolmwntoinsertweUtubutaisinaoon- 
traded position into a welbore and to aj^Muid the tubu- 
ttf downhoie at the locatfon where the tubular is to be 
used. Soviet patent spedf icalfon SU-633825 dtscfoses 
the use of an initially corrugated tube which is expanded is 
downhde nito a tubular shape. International patent 
appfication. publk»tk)n No WO 97/06345 discloses the 
use of aflex^e welt tubular whk:h is folded Into a kidney 
shape during its descent through the weObore and 
whk:h is inflated downhde to bring the tubular into a 20 
cyftndricai shape, whereafter the tubular is polymerised 
to provide a weO casing. This known tubular has an Y- 
ehape and senm to provide a seal at the junction 
between a main well and a branch welL Disadvantages 
of these known expandable oorrugated and fleodble fold- ss 
able tubes are that they need to be relatively thin to 
allow an easy expansfon within a borehole or other cav- 
ity and that the shape of the untokM tube is not welt 
defined. 

[0004] His an ot^ect of the present inventton to aflevi- 30 
ate the cfisadvantages of the known foldable tubes and 
to provkto a foldable tube whk:h can be folded and 
unfoUed relatively easily but wNch generates an 
expanded tube wNch is robust and which has a weB 
deTined tubular shape. » 

Summary of the hTventfan 

[0005] The foUable tube accorcfing to the invention 
cofTprises a tubular wan having at least three efongate 40 
relatively flexfole areas where the wan is more flexfole 
than other areas of the wall, whfoh areas are oriented in 
a substantially parallel directfon relative to each ottier 
atong at least a substantial part of the length of the tube 
so that in use said areas form plastk: hinges which 45 
define a wan segment that is inwardly foUabie to bring 
the tube into a oontraded shape. 
[00061 An advantage of the use of plaste Nnges in 
accordance with the present invention is that they tock 
the unfolded tube in its tubular shape and that the tube so 
can be made cheaply by creating the plastk: hinges in 
the wall of a UAye which has, apart from the plastic 
hinges, a similar wall strength and thk:kness as a con- 
ventfonal tube that wouU normaRy be used in the same 
situatnn. ^ 
[0007] It is preferred that saU relatively flexisle areas 
are formed by trough-shaped gmves in the wall of the 
tube, whkii grooves are oriented in a parallel or helical 



direction relative to a tongitudinal axis of the tube. 
[0008] Alternativety the relatively weak areas are 
formed by mutually parallel axial or helical rows of 
holes. These holes may pass through the wall of the 
tube or extend only partially into the outer or Inner sur- 
face of the wall of the tube. 

[0009] It is also preferred that at least one set of four 
grooves is arranged in the wall of the tjbe such that 
each set of tour grooves defines a tube segment that 
can be foMed as a U-shaped recess inwardly into the 
tube. The sides of saki U-shaped recess may even be 
foUed towards each other in a delta-shape and the tips 
of the recess may be brazed together to fix the tube in 
its fokJed shape until a relatively tow tenskxi force is 
exerted to the brazed Joint 

[qOlO] TTte tube can be folded to a high degree off con- 
traction if two s^ of four grooves are anranged sym- 
metncaly at opposite sktes of the tube such that upon 
fbk^ of the tube two deHa- or U-shaped recesses are 
formed at opposite skies of the tube. 
[0011] K the tube needs to be foklable to a less high 
degree of oontractton then a single groove or a plastic 
hinge fonned by a tubuto may be arranged at one skie 
and a set of four grooves at an opposite sUe off the inner 
wall of the tube. 

10012] The latter entxxftnent off the tube aocortfing to 
the invention can be used as a weO liner at the ^jnctkm 
between a main well and a branch well if a branch tube 
is secured around a window in the waU of the tiA>e 
b^een said single groove and an adjacent groove of 
sakl set of four grooves at sakj opposite skie of the tube. 
[0013] In that case the tube is towered thnMigh the 
main well towards the junctfon after fokiing the tube into 
Hs contracted shape. At the junctkxi the tube is then 
expanded such that the branch tube is pushed into the 
entrance of the branch wen. 

10014] The tube according to the present irwentton 
can be made of any material which is plastlcany detonn- 
able such that the tube does not break as a result off the 
fokfng and untokf ng operattons. 
[0015] Suitable materials are steel, in parttoularform- 
aUe steel grades such as high strength knt aBoy steels 
and dual phase steels, and plastk: materials such as 
polypropylene and polyvmylchlakle. 

Brief descriptfan of the drawings 

[P016] The inventton win be described in more detail 
and bf way of exampi 0 with reference to the aooonpa- 
nying c^awings, in wtvch 

Fig. 1 is a aoss-axiat sectiorwl view of a foklable 
tube according to the inventton whk:h comprises 
two sets of four grooves in the inner wall of the tube; 
Fig. 2 shows the tube of Fig. 1 at a somewhat 
reduced scale wherein the tube is fbtoed into its 
contracted shape such that two U-shaped recesses 
are formed at opposite stoes off the tube: 
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Fig. 3 is a aoss-axial sectional view of an alterna- 
tive enixxfiment of the foldable tube accoiding to 
the preserrt invention wherein a single groove is 
present at one side and a set of four grooves is 
present at an opposite side of the tube: 
Fig. 4 shows the tube of Fig. 3 at a somewhat 
reduced scale wherein the tube is folded into its 
corrtracted shape such that a U-shaped recess is 
fonned at the upper side of the tube; 
Fig. 5 is a cross-axial sectional view of a foldabie 
tube aocording to the invention inside a welt 
wherein the tube Is provided wift a branch tube 
which is inserted into the entrance of a branch weQ 
upon downhole expansion or the feUable tube: 
Fig. 6 is a cross-flxiat sectional view of a foldabie 
tube accoiding to the present invention wHh a U- 
shaped recess at one side and a hinge provided by 
a tubule at the other side; 
Fig. 7 is a cross-axial sectional view of a foldabie 
tube acooitfing to the invention which comprises 
three axial grooves at one side of the tut>e: 
Fig. 8 is a cross-axial sectional view of a foldabie 
tube according to the present nvention where the 
folded tube and the U-shaped recesses have a 
delta-shape: and 

Ftg. 9 ts a cross-axial sedfonal view of a foldabie 
tube according to the present invention where 
delta-Bhaped recesses are present at both sides of 

the tube. 

DetailBd desff jpt^ r* the invention 



[00171 RefemngtoFig. 1 there is shown a foldabie 
tube 1 wNch comprises two sets of axial trough-shaped 
grooves 2-9 in the inner wan of the tube 1 . 
[OOiq Hg.l8how8 the tite tin Hs unfolded cylindri- 
cal shape and the grooves 2^9 each have a similar 
depth and width. One set of four grooves 2-5 has been 
machined into the inner wall at the upper side ol the 
tube 1 and the other set of four grooves 6-9 has been 
machined into the inner wall at the tower side of the tii)e 
1. such that the two sets of grooves 2-5 and 6-9 are 
synmtrical relative to each other. The distances 
b^ween the grooves 2 and 3, the grooves 4 and 5. the 
grooves 6 and 7 and the grooves 8 and 9 are equal to 

each other. 

10019] Furthermore the cfistance between the grooves 
3 and 4 is equal to the distance between the grooves 7 
and 8 and the distanoe between the grooves 2 and 9 is 
equal to the distance between the grooves 5 and 6. 
[0020] The symmetrical arrangement of two sets of 
four grooves 2-5 and 6-9 enables the tube 1 to be folded 
such that the vwdl segments between the grooves 3 and 
4. 7and8. 5and6and2and9are moved inwardly 
towards the centre 11 of the tube 1 as illustrated by 
anows 10 and the tube 1 obtains its contracted shape 
as is shown in Fig. 2. 

[0021) Fig. 2 Shows how the relatively tWn parts of the 



tube 1 adjacent to the grooves 2-9. where the wall thick- 
ness is smaller than the watt thickness of other parts of 
the tube 1. act as plastic hinges during the folding pro- 
cedure. 

5 [0022] As a result of the hinging action the grooves 3, 
4 and 7 and 6 open up whereas the grooves 2, 5. 6 and 
9 are largely dosed so that a first U-shaped recess 12 Is 
tomied at the upper side of the tube 1 and a second U- 
shaped recess 13 is formed at the lower side of the tube 

10 1 . The folded tube 1 shown in Rg. 1 has the shape ol a 
rivet which has a signff'icantly smaller outer width than 
the inner width of the unfolded tidae shown in Fig. 1. 
Therefore the folded tube can be moved easily through 
the bae of a conduit or underground wen« even through 

ts narrow passives formed by valves and sharp cunA- 

tures. 

10023) Fig. 3 shows an alternative ennbodiment of the 
foldabie tube accoRfing to the invention in which the 
tube 15 comprises a single axial groove 16 at the lower 
20 side of the tube 15 and a set of four axial grooves 17, 
18. 19and20attheuppersideofthetube15. 
[0024] The grooves 16 and 17 and 20 have been 
macNned in the inner wall of the tube 15 and the 
9m<es 18 and 19 have t)een machined in the outer 
25 waB of the tube 15. 

(002$) The relatively thin wall parts of the tube 15 
adjacent to the grooves 1 6^ fomn waH areas which are 
more flffidble than other parts of the tube 1 5. The groove 
pattern shown in Rg. 3 allows the waB segment 
30 between the grooves 17 and 20 to be folded inwardly in 
the direction of arrow 21 such that the tube 15 obtains 
the folded shape shown m Fig. 4. 
[p026] Fig. 4 shows that on fokfing of the tube 15 a U- 
shaped recess 22 is formed by the wail-segment of the 
35 tube 15 between the set of four grooves 17-20 at the 
ufper side of the tube 15. The two relatively big wall 
segments of the tU)e 15 t>etween the groove 16 at the 
lower side and the two outer grooves 17 and 20 at the 
upper side ol the tube 15 thereby pivot towards each 
40 other about the plastic Nnge formed the at the bottom of 
the tube 15 near the groove 16. 
[00271 Thetubel5showninFig.4canbeunfaldedl3y 
moving an expansion mandrel in axial dbection through 
the tube 15 and^or by inflating the tube 15. 
45 [0028] The unfolded tube 15 then obtains its cylindri- 
cal Shane as is shown in Fig. 3 and the conTtguration of 
parallel grooves 16-20 wiB than lock the tube 15 since 
the wall segments between the grooves 16-20 form 
arches which wiO be sU>ject to hoop stress H the 
so hydraulic pressure outside the tube 1 5 is higher than the 
hydraulic pressure 'nside the tube 15. 
[0029] Fig. 5 shows a foUaUette 25 which is similar 
to the foldabie tube 15 shown in Figs. 3 and 4 inside a 
main well 26 in which a wen casing 27 has been 
S5 centented in place. 

[0030] The main well 26 passes through an under- 
yound formation 28 and a branch well 29 has been 
drilled through a window 30 in the wen casing 27 later- 
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aliy away from the main well 26 irrto the formation 28. 
[0031] The tube 25 is made of steel and comprises a 
single groove 31 at its tower side and a set of four 
grooves 32-35 at its upper side. A branch tubing section 
36 has been welded Id the wall segment of the tube 1 5 
between the grooves 31 and 32 around a window 37 
that has been machined in the wall of the tube 25. 
10032] The tube 25 has been moved in its folded con- 
tracted position through the main well 26 until the 
branch tii>ing section 36 is located adjacent to the 
entrance of the branch wen 29. 
[0033] Then the tube 25 is expanded by an expansion 
mandrel into its cylindrical shape, which is illustrated by 
broken lines 38 such that the branch tubing section 36 
Is pushed through the window 30 in the wel casing 27 
into the branch well 29 as iBuslrated by broken ines 39 
and the arrow 40. 

(0034] An eksngate brealoble container 41 containing 
a sealing agent is arranged within the deHa-^haped 
recess formed between the set of four grooves 32-35 at 
the upper side of the tube 25 whk:h container is 
squeezed between the inner wall of the well casing 27 
and the outer waQ of the tube 25 if the tube is unfolded 
to lis cylindrical shape 38. Tlie sealing agent is thereby 
squeezed into the annular space sunoundBng the 
unfolded tube 25 and the branch tubing 8egmer« 39 and 
provides on curing an adequate seal which also fixes 
the unfolded tube 25 and branch tubing section 36 
inside the main and the branch wells 26 and 29. 
[0035] Fig.6show8afoUedtU>e41 whichhasaset 
of four grooves 42, 43, 44 and 45 at its upper side and a 
single tubular hinge 46 at its lower side. 
[0036] The tubular hinge 46 provides an area where 
the wan of the tube is more flexUe than the other parts 
of the tube 41 , apart from the areas of the tube 41 adja- 
cent to the grooves 43-45. 

[0037] The tubular hinge 46 provides moreover an 
area where the wall of the tube can be deformed in cir- 
cumferential direction during the unfokJing procedure. 
[0038] After completfon of the unfokSng procedure the 
interior 47 of the tifoular Nnge 46 can be fflled with a fil- 
ing agent which presides seaport and fixes the tabular 
h^ 46 in its expetfided position. The ir^erior 47 of the 
tubiiar hinge 46 may also contain electric or hydrauTic 
conduits for transmission of electric and/or hydraulic 
power ancVor signals along the length of the tU>e 41 . 
[00391 Rg. 7 shows an entediment of the foldable 
tube according to the invention where the tube 50 com- 
prises at its upper side three mutually parallel axial or 
hefical grooves 51. 52 and 53 whfoh define three plastic 
hinges that allow the upper side of the tube SO to be 
folded inwardly as illustrated by phantom lines 54 and 
arrows 55. 

[0040] After the upper side of the tube 50 has been 
folded inwardly the outer width of the lower side of the 
tube 50 can be reduced as iDustrated by arrows 56 by 
puRmg a circumferential or helical wire (not shown) 
around the thus folded tube 50. 



[0041] The tube 50 is then unfolded by increasing the 
hydraulic pressure in the interior of the tube 50 which 
breaks the wire and induces the tut)e 50 to unfold into its 
cylindrical shape shown in Fig. 7. 
5 [0042] Fig. 8 shows an entediment of the foldable 
tube according to the invention where the folded tube 57 
has a delta-shape and comprises at each corner a 
delta-shaped recess 58. 

[0043] Each delta-shaped recess 58 is formed by 
10 bending the tips of the legs of a U-shaped recess 
towards each other and each recess is def ined by a set 
of four plastic Nnges 59. 60. 61 and 62 where the wall 
of the tube 57 is more flexible than at other parts of ttie 
tube 57. 

15 (0044] The tube 57 is unfolded by increasing the 
hydrauBc pressure in the interior 63 of the tube 57 whfoh 
causes the tube 57 to expand in the direction of the 
anows 64 so that the recesses 58 are removed. By ftv- 
ther inaeas^ the h>drau6c pressure n the interior 63 

^ of the tube 57. the tube 57 is brought irrto a cylindrical 
shape (not shewn). 

[Q045] Fig. 9 shows a tube according to the invention 
where the tube 65 comprises a set of four axial plasti- 
cally deformable hinges 66. 67. 68 and 69 at its upper 

25 skfe and also a set of four axial plastically deformaUe 
Nnges 70. 71. 72 and 73 at its tower side. 
(D046] Each set of four hinges 66-69 and 70-73 
defines a delta-shaped recess 74 and 75. respectively. 
[0047] The two hinges 66 and 69 at the top of the 

30 foUed tube 65 and also the two hinges 70 and 73 at the 
bottom of the tUbe 65 have been txazed together. The 
thus formed brazed joints 76 and 77 aeated a seal 
between the interior of the deHa-shaped recesses 74 
and the exterior 78 of the tube 65. 

35 [0048] The tube 65 is suHable to be used in its illus- 
trated folded shape as a cbiti pipe wtiere driBing nud is 
pumped through the interfor 79 of the tube 65 and 
through the delta-shaped recesses 74 and 75 to a drill 
bit (not shown). 

40 (0049] Alter a borehole section has been drilled a cas- 
ing is then aeated by mflaang the tube 65 using a Ngh 
pressure fluid or expansfon mandrel (not shown) so that 
the brazed joints 76 and 77 break open and the tut)e 65 
unfolds into its cylindrical shape as aiustrated by airows 

45 80. The driii bit IS then pufled to surface on a wireline or 
coiled tubing passing through the Interior 79 of the 
expanded tut>e 65. 

[0050] The tube 65 and also the tube configurations 
IBustiated in the other drawings can t>e spooled around 
so a reeling drum in their folded shape and reeled from the 
drum into an underground borehole to provkle a lining of 
the borehole wan or inskle a corroded or damaged well 
tubular. 

[0051] The waits of the tube according to the invention 
55 may comprise sieve openings of a predetermined size 
so that the tube provides a weH screen wNch is IcMrered 
into the borehole in its folded shaped and then unfokled 
downhde by moving an expansfon mandrel through the 
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tube or by inflating a balloon in the interior of the tuba 
The unfoldinQ procedure does not vary the sie/e open- 
ing size 80 that unfolded tube provides a sandsaeen 
with a welt defined sieve opening size. 

Claims 

1. A foldcdble tube comprising a tixjlar wall having at 
least three elongate relatively flexible areas where 
the wa8 is more flexible than other areas of the wall, 
which areas are oriented in a sitelantially parallel 
direction relative to each other atong at least a sUb- 
slantiat part of the length of the tube so that in use 
said areas from plasbc hinges wNch define a woD 
segment that is Inwardly foUaUe to bring the tube 
into a contracted shapa 

2. The feldable tube of daimi wherein said retativefy 
flexible areas are formed by through-shaped 
grooves in the wall of the tube, which grooves are so 
oriented in a paraKei or helical (fraction relative to a 
longitudinal axis of the tuba 

S. The foldable tube of claim 3 wherein at least one set 
of four grooves is arranged in the wal of the tube ss 
such that each set of four grooves defres a tube 
segment that can be folded as a delta- or U-shaped 
recess Inwardly into the tuba 

4. The foldable tube of daim 3 wherein two sets of four 30 
grooves are arranged symmetricaay at opposite 
Sides of the tube such that if the tube is folded tiUo 
a contracted shape two d^- or U-shaped 
recesses are formed at opposite sides of the tube. 

35 

5. The Iddable tube of dalm 3 wherein a single 
groove Is ananged in the inner ¥aB at one side of 
the tube and a set of four grooves is arranged at an 
opposite side of the inner wll of the tube. 

40 

6. The loldabletjbe of claim 5 wherein a branch tube 
is.secured arourKJ a wirxksw m the waB of ttie tube 
which window is located between said single 
groove in said one half of the tite and an acSacent 
groove of said set of four grooves at said opposite 45 
side of the tube. 

7. The foktable tube of any preceding claim wherein 
the toldafale tube is a well tubidar which is insertable 

in a contracted shape into the weO and e>yand a h l e so 
downhole into a substantially cylindrical shape. 

8. The toktabie tube of claim 6 wherein the tube is a 
wen casing at a branchpoint in an undergrourvj wea 
and the branch tube forms part of a well casing or ss 
liner in a weQ branch, and the tube is insertable wi a 
contracted shape into the weU and expandable 
downhole intoa substantially cyGndrical shape such 
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that the branch tube is positioned at the entrance of 
the branch well near the branchpoint 

9. The fbldable tube of claim 1 wherein the tube is 
5 madeofsteel. 

10. The fbldable tube of daim 1 wherein the tube is 
made of a plastic material. 

10 11. A method of placing a foldable tube according to 
daim 1 in a tubular cavity, the method comprising 
inserting the tube folded in its contracted shape into 
the cavity, unfolding the tube into its substantially 
cylindrical shape at a selected location witNn the 
15 cavity and securing the tube WitNn the cavity. 

12. The method of daim 11 wherein the tube com- 
prises at least one set of four grooves acoordkig to 
daim 3 which grooves defme a delta- or U-shaped 
recess when the tube is inserted into the cavity and 
a tubular container containing a seafing agent is 
ananged within said recess when the tube is 
inserted Wo the cavity, container is 

squeezed and breaks open as a result of the 
tfifddmg of the tube within the cavity and seafing 
agent is released into the annular space between 
the unfolded tube and the wan of the cavity, which 
seafing agent is then aSowed to aeate an annular 
seal between the unfokJed tube and the cavity wall. 

The method of daim 11 wherein the tube is 
unfokJed by inserting a seafing plug at one end of 
the t and pumping a high pressure flukl into the 
other end of the tuba 



5 



EP0952306A1 




6 



EP09S2 306A1 



Fig.3. 
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